To copulate or not? The importance of female status and behavioural variation in predicting copulation in a bumblebee ANNETTE SAUTER & MARK J. F. BROWN ETH-Zürich, Experimental Ecology (Received 12 January 2001; initial acceptance 19 February 2001;  final acceptance 25 March 2001; MS. number: 6802) Qualitative variation in female reproductive status and quantitative variation in courtship behaviour may both be important in determining whether copulation occurs after a mating interaction. However, integrated studies of these factors are rare. We examined whether female behaviour, male courtship behaviour and female reproductive status affect, on their own or together, the outcome of mating trials in the bumblebee, Bombus terrestris. We used insemination techniques to manipulate the status of females, enabling us to dissect the relative roles of previous behavioural experience and actual reproductive status of females. Despite quantitative variation in male and female behaviour, the main predictor of copulation was female reproductive status. While two behaviours, female rejection of males and male attempts to copulate, explained 9% of the variation between trials in whether copulation occurred, on their own they could not predict whether mating occurred. Nonbehavioural factors, such as colony of origin and animal age, had no predictive power with respect to the occurrence of copulation. Our results suggest that, despite potential selection on males for courtship behaviour, quantitative within-species variation in the precopulatory behaviours we observed had little or no effect on whether copulation actually occurs. Rather, the reproductive status of females seems to be the most important determinant of copulation.
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The outcome of mating interactions, that is, whether copulation is successful, is the result of numerous interacting factors, including male and female choice, male courtship behaviour, female responses to courtship, female reproductive or motivational status, and mating competition (Halliday 1983) . A considerable body of literature has built up around mate choice and the factors on which it is based (Andersson 1994). Female choice is often based on direct benefits, such as nuptial gifts, male parental care and territory size, while male choice appears to be based on differences in female fecundity (Andersson 1994) . In contrast, little is known about how quantitative behavioural variation during male-female courtship (Pimentel & Tobin 1992) and female reproductive status interact to affect the likelihood of successful copulation. In systems where females choose their mate, male courtship displays appear to have been the subject of intense sexual selection (Andersson 1994). Courtship displays are often extremely complex, and males vary considerably in how they display (e.g. Boake & Hoikkala 1995). While it seems that successful and unsuccessful courtship displays are qualitatively similar, there are few quantitative studies of how variation in male courtship affects the likelihood of copulation (the moth Manestra brassicae: Birch et al. 1989; Drosophila mojavensis: Pimentel & Tobin 1992; D. silvestris: Boake & Hoikkala 1995) . The existing studies suggest that quantitative differences in male behaviour are either unimportant (e.g. Pimentel & Tobin 1992) or less important than female behaviour (e.g. Birch et al. 1989) , but with such a small number of studies, generalizations about the role of quantitative differences in courtship behaviour remain premature.
In addition to male and female behaviour, female reproductive status should be important in determining whether a mating interaction ends in copulation (Halliday 1983) . Obviously, in monandrous species reproductive status has a profound effect, as mated females will not remate and courting them is thus a waste of the male's time. But even in species that mate multiply, such as Drosophila melanogaster, mating status may affect the likelihood of copulation in subsequent mating interactions (Wolfner 1997). In addition, mating status may itself change female precopulatory behaviour (Dickinson & Rutowski 1989) , resulting perhaps in behavioural changes in courting males. Given this, it is perhaps most sensible to view precopulatory behaviour as an exchange of information between the sexes (Cobb & Ferveur 1996) ,
